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li.MK  J.  I..  il'.S.  Army  Itiulogirnl  l.nla»ralories.  I'ort  I »t*i rit-k .  Kretlerirk,  Mil.), 
«  wit  W.  I'.xruit  K.  III.  New  met In m I  fur  piirifyinii  <Wir//n  InnmtH  by  ilexl ran  sulfate 

k  |»reei|»itnlion  followeil  bv  rent  rifugnt i* •  A|t|*l.  Mirruhiol.  1S»KI  UK!.  l!Hiii. . I'his 

|Ki|iur  lieserilies  t>  simple  me'lnsl  for  purifying  fwiVWii  hunutii  cull  ivulol  in  I  In*  rliirk 
!»■  •>iiibr\u.  Tin*  pmnslure  is  Immsl  h|n>ii  I  In*  preliminary  elnri  lira!  ion  uf  infer  let  I  whole- 
egg  Mwpeiixiuiix  by  preripilntiiig  tin*  luw-tlensity  li|s. proteins  nml  other  extraneous 
xttlitU  with  ileM mil  sulfate,  enleiiim  ehluriile.  nml  smlimii  ehluriile sol  til ion*.  nml  then 
"  >  mnrriit  rating  the  rirketlsine  by  rent  rifilgnt  ion. 


<Mrihotb  tor  purifying  ami  nmrroimtiiiK  tin* 
riekell-i.'H'.  ami  mure  xprrilirnllv,  (’oxitlln 
lintHilii .  have  lieen  tlrxerilnsl.  A  limiteil  numlier 
of  iln*«e  ineilasl*  an*  rifrtl  to  illustrate  the  rli- 
ver-ilv  uf  prorislun^*  el*t|»l«»ye*l:  u*e  of  ether 
if 'mien-.  I '. •!*»».  in*  «»f  ('elite  (Shejianl  ami  Top¬ 
ping.  lUlTb'lilTen’tilial  rent  rifugal  ion  (llovarniek 
ami  Snyilet.  Iftlll),  IN'  of  Imlilntiile  (I’uluxuv  ami 
Vakuviev.  I'.MII),  ileiiMly-unnlieiit  studies  (llilri 
nml  lliiyer,  1 000),  ililTereiilial  relit  rifugal  ion  from 
I  m  Krl  iul lu will  hv  ilinmtliyl-ulfuxiile  nml 
•liiiH'tliylai'eiainiile  (Oriii-lni*.  Ilell,  nml  l*aek- 
iiuin.  I  IMS). 

Although  limn*  an*  many  prmnsltires*  for  purify¬ 
ing  f\  burnt  lit  from  tin*  tissue  of  I  In*  ehiek 
emltryo.  uihIiimI-  for  rflirieltlly  >e|>n  rating  I  lie 
organism  from  the  li|io|initeitt  e»n»|w»nenls  nml 
at  tin*  !*»ine  time  iikijiilnfc'ing  vinhility  nre 
limiteil.  Tin*  extraetioti  of  lipids  with  ethyl  etlter 
(Ort:e*lnv,  HH»2)  or  other  mittm|Uentl*  nrgnltir 
solvent'*  yield*  purified  egg  *us|iriisinn*  nml 
reilueeil  rieket l.-ial  vinhility.  Sakstgami  ami 
Xilversmit  tl!N}2)  ilemmisl  nih*d  the  feasibility  of 
•h*\tmn  'illf.’ile  i-aleiiini  rlilnridr-sodium  eliloritie 
solution*  to  M*|Kirale  high-  ami  low-density 
li|io|»n>leiti*>  from  ting  serum  when  reiilrifup*d 
at  1,000  X  9  fi*r  10  min.  They  ilr*igiml«-d  tin* 
Mil  tenia  taut  frnetion  ax  ilexlras:  Milfalr-soluldr 
li|m]in>teiii  of  high  density  (I.OfSI  to  1.210),  am! 
the  |treei|>ilale  a>  drxlnin  -xtilfs* »«*-|*r«***i | nl n l*le 
lipoprotein  of  low  density  (I.0IS1  or  less). 

Tin*  ..in'i*e*xful  isolation  of  lipoproteins  in  flog 
xerum  by  ileMrati  xulfale  .xtinuexliil  the  mlnpla- 
I inti  of  fhix  lerlinif|tie  to  the  ptiriliralion  of  <\ 


himntii  from  the  ehiek-embryo  xtilixlnile.  This 
i*ommtinieatioit  ileseriln*s  the  simple  promlure 
•levelupeil  fur  purifying  f.  himntii,  with  pnrlim- 
Inr  emphasis  jiiven  to  the  relationship  InMween 
riekellsial  viability  ami  li|Nipn>lein  pnrilieation. 

Matkhiai.x  a.\i»  NIktiioiis 

Itirkrllrinl  ulrnin  nml  inirking  shirk.  Tlie  AD 
s'  nun  of  (*.  Inmirtii  was  employiil.  The  workini; 
sliwk  wns  prepnreil  by  hnrvi*stinn  the  entire  me 
eotilrntx.  minus  shell,  fnnn  embryos  ilyitiK  on  the 
s«‘venlh,  eighth,  nml  ninth  ilny  imstinoeiilntion 
with  t\  hnmrtii.  The  hnrvest  wns  Htis|ienilril  in 
une-thinl  its  volume  of  ilistilleii  wnter.  Immoai*- 
niiteil  in  n  WnriiiK  Hlemlor  for  2  min,  nml  rent ri- 
fninil  in  n  Shnrjiles  eiMilrifuite  Onliorntory  HMsIel) 
opernleil  nt  ItO.tKK)  n*v/inin  with  n  flow  rate  of  iiOO 
ml  |>er  min.  l*lie  re.  ultiim  supomntnnt  fluiil  pm* 
viihsl  tin*  stork  sns|M*nsiun  Ihnt  wns  fmxen  nml 
storeil  in  n  Dry  Ire  rlirst  (— 7ll(!>. 

.1  itmiif  firnnitnrr.  Total  nil  n>Ki*n  ilrterminnlionx 
wen*  tnnile  (Clark.  I!II3),  by  the  semi  mieru- 
Kjehlnhl  nielliml.  Knt  ilelerminntions  were  mnile 
by  the  rhlomfonn  ext  met  ion  melhisls  ns  ilesrrilieil 
by  the  Assueinlion  of  Ollirinl  Atirirnltiiral  (/'lient* 
isls  (I'.tlof.  Total  ilry  suliils  were  iletermineil  with 
n  ( Vnro  nmisl ore  Imlnnee  (Central  Seientitie  Co., 
Chientto,  III.). 

Itieketlsinl  infeelivity  wns  estiinatisl  by  inorii- 
IntinK  itninen  pins  (250  to  -tOO  |»)  intraperituiienlly 
with  I  -nil  iloses  of  serial.  10-fohl  ilihltions  mnile 
in  Henri  Infusion  Itmth  (Difin).  Daily  n*etnl 
lem|siml un*s  were  obtnineil  for  eneli  pi)t  for  15 
ilnys  nfler  iuoetilntioii.  At  21  ilnys  postiiinrulntiun, 
eneli  aninen  pin  was  bliil  by  enrilinr  puneture;  the 
IiIihhI  wns  proeesseil  for  serum,  whirh  wns  siibse* 
i|iienlly  innrtivnteil  nl  5t’>  ( '  fur  20  min.  I'.iich 
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Aimm..  Mm'hihiiui.. 


Ill*  ml  irWr  ii/j)  xluiifi 

('2  ptirts  slurry,  I  pari  distilled  water) 

1  l«tiii«*K**i*ix**  in  Waring  lllcmlor 
Centrifuge  in  Sharpies  centrifuge 
.  ‘discard  51)  ml  »f  sediment 

liM)  ml  u-iukiny  xlin-k 

To  UNI  ml  slock  add: 

21  ml  of  1 .7',  NaC'l  solution 
2-1  ml  of  IF,  Carl,  solution 
SO  ml  of  .V ,  sodium  dextran  sulfate  sola- 
,  lion 

f»2S  ml  InUll  wixlnrr 

Agitate,  store  at  I  ('  for  lit  mill 
(Vntrifuge  in  Servall  SS-I.  I25WI  rev,  min, 
III  mini 

# — —  .discard  lilt  ml  i»f  sediment  ipreeipitate) 
XII  ml  xnprrnnhml  Jtniil 

(Vntrifiigi'  in  Servall  SS-I  (SINN)  rpm.  ISO 
,  min) 

I :*J0 ml  xntinnnl  resuspended  to  original  lor  dc- 
si  ns  I )  volmne 

-  Mliseanl  552 .X  ml  of  sii|iernntant  lliiid 
Kin.  1.  I'rncrxx  flow  of  ilrstron  xolfalr 
liim  of  irholrnjtj  xtnrnj.  XnCI  xolulion  imx  from 
tlenrml  C  hr  mi  in  I  Dirixinn.  Allirtl  Chrmiiitl  unit 
Ihlr  Corp..  AVtr  York,  X.Y.;  Cnl'lt  xololion  wax 
from  I'hnnnocin  l.abarutorirx,  I  nr.,  linrhrxlrr, 
Minn.;  xtnlium  ilrxlmn  xnlfnlr  xnlnlinn  mix  from 
J.  T.  Itnkrr  Chrmimt  Co.,  I,liillipxlinry,  ,V../. 

ienrtivnteil  serum  was  testeil  for  the  presence  or 
altsenre  of  s|icri!ic  (J  fever  until  mm  lies  by  the 
stamlanl  complement -fixation  test .  The  criteria 
of  iiifertion  were:  lit  elevation  of  lemperntiin*  of 
IOC  -»r  greater  for  at  least  2  consecutive  ilnys. 
nml  »ii)  tin*  presence  of  complement -fixing  anti- 
ImmIv  to  C.  burnetii  (in  serum  taken  fntin  iiiucu- 
lated  animals).  Data  on  infccleil  pigs  (any  serum 
exliiliiting  a  1+  reaction  at  1:1  ililulioii)  for  each 
inoculating  ililutioii  wen*  totali*il.  ami  an  etui 
I  mint  was  calculated  liv  the  method  of  Heed  and 
Mueiieli  (1ICIK).  Infeetivitv  data  are  expressed  as 
log,.  guinea  pig  intniperilonenl  infectious  doses 
|M*r  milliliter. 

Pnrifieotion  procedure.  Kadi  test-  day,  -KM)  ml 
of  fn>/en.  working  stock  wen*  thawed  and  21  ml 
of  1.7' ;  XnCI  plus  21  ml  of  II',;.  CnCI*  wen*  addeil 
lo  the  stork  and  light  I y  agitated  l»y  hand,  followed 
|,v  (lie  addition  of  MO  ml  of  ;7 sodium  dextrnn 
sulfate  solution.  A  tloeeiilent  precipitate  was 
separated  l*y  centrifugal  ion  (Servall  SS-I;  Ivan 
Sorvnll.  I  nr..  Norwalk.  Conn.)  at  2/iHO  rev/min 
for  10  min  (755  X  f/).  'Hie  supernatant  fraction, 
designated  as  dextran-soliilde  li|ioprotein.  was 
decant eil  and  stored  at  I  C.  The  precipitate, 
designated  ns  dexlraii  sulfate-precipil  aide  li|M>- 
protein  was  discnnled. 

'|*o  further  purify  ami  concent rale  the  riekett- 
sia*».  the  «i|M*rnalant  lluid  was  centrifuged  in  a 
refrigerated  Servall  centrifuge  (SS-I)  at  M,(NN) 
rev/min  for  I  hr  (7.71*1  X  tf).  Tin*  rickettsial-rich 
sediment  was  rccoven*d  ami  resuspeie’  *d  in  dis¬ 


tilled  water  to  I  la*  original  volume  of  stock  as 
shown  in  Fig.  I. 

.1/ irroxrnpir  rxnini  notion.  Specimens  for  micro, 
sis >pie  examination  were  pn*pared  l»y  resus|M*ndiug 
the  final  sediment  in  distilled  water  as  a  1-20 
ililulioii.  Smears  wen*  stained  liv  the  method  of 
Mnechiavello  (It  157)  and  exaniim*<t  under  the  nib 
inimersion  ohjective  of  a  light  microsco|M*  (liauseh 
A  I  snub  hum  lei  t-I.M-1).  Klectron  micrographs 
of  tin*  stis|M>nsion  were  made  liv  use  of  an  KCA 
hum  lei  K.MC-2  instrument.  The  grids  were  shad¬ 
owed  with  uranium,  and  pictun*s  were  made  at  an 
angle  of  Hit"  ami  a  magnification  of  20.-MM)  times. 

KksI'I.ts 

Six  representative  e.\|ierinu*iits  demonstrating 
the  purifienlioii  of  (',  burnetii  an*  shown  in  Table 
I.  For  compn'ison  of  the  degree  of  purification, 
data  mint  analyses  of  dry  solids,  protein  nitrogen, 
nml  fat  were  obtained  fnnn  the  initial  sus|M*iision 
(working  stiM*k),  |iartinliy  purified  su|K*rnata>it 
fluid,  and  the  reconstituted  sediment.  The  initial 
sus|M*nsioit  contained  approximately  17',’;  total 
dry  solids.  1 5, -MM?  mg  of  nitrogen,  and  7 1 ,05  nig  of 
fat  per  ml.  The  partially  purified  sus|ietision 
cont  ai  ills  I  4.40',  total  dry  solids,  O.tlOn  nig  of 
nitrogen,  and  1.0(1  mg  of  total  fat  |a*r  ml.  'rite 
final  purified  sus|M*nsion  contained  0.05';;  total 
dry  solids,  0.12  mg  of  nitrogen,  ami  0.22  mg  of  fat 
per  ml.  The  (Kirtially  purified  sU'|H*nsion,  when 
enin|Htred  with  the  initial  sus|x*nsinti,  contained 
7S.05'  ;  less  dry  solids,  50.00'  ;  less  total  nitrogen, 
anil  0S.XI U*ss  fat;  moivover,  the  final  sus|ien- 
sion  showeil  a  reduction  of  00.75'’;  total  dry 
solids,  00.00';  total  nitrogen,  and  00.S4';;  fats. 
Tin*  filial  sediment,  Indore  ri*sus|M*nsion  with 
diluent,  constituted  approximately  0.5';;,  of  the 
volume  of  the  original  suspension  or  working 
stock. 

Microscopic  examination  of  smears  made  from 
the  puriliiil  sus|H*nsion  and  stained  by  the 
method  of  Mnerhinvcllo  (1057)  showisl  that  this 
preparation  consisted  of  relatively  pure  C. 
burnetii.  An  examination  of  the  electron  micro¬ 
graph  (log.  2)  indicates  that  the  rickettsiae  are 
virtually  free  from  the  insoluble  solids  of  the 
egg  sulistmte. 

I  )|si -tTsstoX 

A  methiMl  has  I  urn.  devised  for  preparing 
purified  sus|>ensions  of  viable  (’.  burnetii,  Imscd 
on  the  centrifugation  of  dextran  sulfate-preeipi- 
tatiil  egg  stts|M*nsions,  followiil  by  another  cen¬ 
trifugation  lo  concentrate  the  rickettsiae  from 
the  partially  purified  sUs|iension.  In  contrast  to 
previous  precipitation  methods,  particularly  the 
use  of  nonn<|ticuiis  organic  solvents,  it  was  js»ssi- 


Vt.i,  la.  i<nw» 


mini  cation  ok  fo.x/Ku.A  urns  urn 


101 


T\>M,K  I.  Six  rr/intu  Hliilii,  rx/H-rinuHti*  ih-uunmlftiUiifi  the  purijirnliai »  «/  Cnsitlln  burnetii 


* 

Oriarr  of  |rttrifn-ati»n 

(  tint  n  of  i\ 

- - - - 

1  o>< 

r,  hu mill i  tkitir. 

-u-is-n-iim*  ,  uninn  |ik 

V..1 

Total  iliy 
wln|. 

Ti.lal 
nilmta-n  ; 

Tout  tai  t 

I'nnn-nu  of  | 
•try  Militlk  ( 

|  Conirnu  of  • 
nitroffrn 

fnntrnl*  af 

trittv  ml> 

k 

rrnmvel  from  i 
inlliut  ; 

rrmuvnl  fmm  ’ 
Initial  ! 

ful  remove*  1 
from  inilUt 

* 

'U»|«ri«ion 

»u*|*n>i»n 

»Uk|M-n«iun 

mt 

t  i- 

,  • 

t 

mt  ml 

r  * 

# 

* 

1 

<.  Initial  2.0  X 

in'* 

,  too 

17.0 

14.1X1  i 

OK. |0 

Su|N>rnaituil  1.2  X  1111* 

:ct  i 

•1.2 

0.7112  1 

2.70 

78.00 

52.58 

05.40 

Filial  1.5  X 

lit'* 

t  too 

'  0.050  r 

0.014  - 

f; 

0.020 ; 

00.71 

00.00 

00.  INI 

II 

Initial  2.1  X 

in'* 

-too 

,  f 

17.0 

l 

12.208  ; 

05.50  ! 

Suiwrnntaiil  2.7  X 

10'* 

.  211 

-  -1.7  | 

0.510 

0.01 

70.22 

51.17 

•HUH) 

Final  2.5  X 

III'* 

too 

0.050 

0.042  , 

0.O2  ’ 

5HI. 71 

00.00 

mt.iHt 

III 

Initial  I  X 

10'* 

too 

i  17.0  i 

12.242  ! 

05.50 

Supernatant  2.5  X 

III'* 

228 

4.2 

0.012  ■ 

0.80 

70.74 

50.21 

07.70 

Final  2.7  X 

ni'* 

too 

0.050  j 

0.020  1 

1.20 

•.KI.7I 

mi.  78 

08.17 

IV 

Initial  7.0  X 

to** 

too 

;  17.2  i 

12.200  i 

00.80 

Sii|NTiiatant  -1.5  X 

in'* 

i  228 

5  4.7  ! 

0.022 ! 

0.00  , 

77.22 

51.40 

mi. 77 

Final  5.5  X 

10'* 

’  400 

0.00 

0.022  i 

0.01 

00.70 

!  !H).  77 

mutt 

V 

Initial  1  X 

10'* 

too 

17.0 

12.825  | 

81.80  ! 

[ 

t 

t 

I 

Sii|ierii'itnnt  2  X 

in'* 

221 

f  4.0 

0.705  1 

0.08  i 

77.10 

!  47.20 

i  00.01 

Final  2.5  X 

10'* 

too 

0.04 

0.072  | 

0.02  j 

00  77 

!  00.4:1 

00.08 

VI 

Initial  0  X 

lit'* 

t  -100 

f  17.0 

I2.:t02  ; 

80.80 

i 

1 

i 

Su|N>rnatant  -1.5  X 

10'* 

.  :cto 

4.2 

0.272  1 

0.80  ! 

78.75 

1  52.21 

1)0.01 

Final  li.fl  X 

10'* 

1  -too 

0.05 

CMW5  ; 

1 

0.02  : 

!H).7I 

1  mi.  70 

00.07 

*  Initial  **  initial  Mispeindoli,  00' whole  egg;  hii|mtiih  I  mil 
fitml  «  I'm ii I  purified  sus|>ensinii. 


|»irt inlly  purified  Hiipernntnnt  fluid ; 


I  tie  in  preferentially  separate  the  organism  fmm 
|Im*  li|nipnitein  or  lipiillike  solids  without  a  suit- 
slant ial  loss  in  viahility. 

To  establish  an  optimal  level  of  preeipitnlion, 
that  is,  maximal  removal  of  extraneous  solids 
with  minimal  riekettsial  loss,  a  series  of  prelimi¬ 
nary  titrations,  liased  on  the  work  of  Shkngiuni 
and  Zilversmit  (11)02),  were  made  with  solutions 
eontnining  different  eoneenl  rat  ions  of  dextran 
sulfate,  ealeium  ehloride,  and  sodium  ehloride. 
Slight  mndifientioii  of  their  proeedure  was  neees- 
snry  to  olitain  the  optimal  eoneenl  ration  of 
ehemieals  required  for  maximal  purifieation; 
puriliration  was  measured  <iuiekly  Itv  the  amottnl 
of  dry  solids  removed  fmm  the  supernatant  fluid. 
The  eoneenl  ration  of  earli  ehemieal  adilitive  is 
de|N'tident  upon  the  level  of  solids  (total  dry) 
available  in  the  egg  suspension.  Itedueing  the 
solids  level  of  the  egg  sus|tensinn  by  the  addition 
of  various  quantities  of  distilled  water  changes  the 
requirement  for  the  ehemieal.  For  example, 
maximal  preeipitnlion  Tor  the  initial  or  working 
stock  suspension  containing  S.5r;  total  dry 


soiidsean  lie  tirhicved  with  hah*  the  concent  ration 
id  ehemieals  ref|uiml  for  a  working  stoek  eon¬ 
tnining  1 7 ri  dry  solids. 

Aeeordintr  to  Itibi  and  Iloyer  (lOWO),  the 
density  of  C.  Imrnrtii  is  l.t  I  to  I  .IS.  The  surress 
of  this  method  might  la*  due  to  the  preferential 
preeipitnlion  of  the  low-density  li|Joprotcins 
(MW3  or  h»ss)  at  a  neutral  /dt,  leaving  the 


Flo.  2.  Klrrlron  mierofirtifih  of  f’nfirlln  burnrlii 
20400  X. 
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Am..  Mi'-rohioi. 


riokott.-ino  in  tin*  Mi|tcrn:iinnt  f rant  ion  (high 
ilm-ilv  fmnion)  whioli  lm«  n  iluu-itv  mngo  of 
UHVI  In  1.21. 

AiKN'i  »\V  I.KIHIXI  KVrs 

WV  tin*  imloloial  lo  John  l.nilino,  Fori  Dolriok. 
for  porfnriuiiig  tin*  niimgon  tititl  ful  nnnlynoM. 
Approointinn  in  nxprnAiuat  lo  John  (’onv«*y,  Fort 
Dvtriok,  for  invnhinWIo  o**o|M>ration  in  cWlroii 
noomMoi.py  nlnilii**. 

I.ITKK.vri  KK  ClTKIl 

Ammh  IATIUN  OK  OlKIrlAI.  AoHlri  l.TI  H.M.  ClIKM- 
|mtm.  10-15.  Fnl»*  ill « mill  ogg  pmihiot.  Ollioinl 
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